Background: The Cardiovascular Health Awareness Program (CHAP) uses volunteers to provide cardiovascular disease (CVD) and diabetes screening in a community setting, referrals to primary care providers, and locally available programs targeting lifestyle modification. CHAP has been adapted to target older adults residing in social housing, a vulnerable segment of the population. Older adults living in social housing report poorer health status and have a higher burden of a multitude of chronic illnesses, such as CVD and diabetes. The study objective is to evaluate whether there is a reduction in unplanned CVD-related Emergency Department (ED) visits and hospital admissions among residents of social seniors' housing buildings receiving the CHAP program for 1 year compared to residents in matched buildings not receiving the program.
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Background
This study applies more than 15 years of knowledge accumulated as part of the Cardiovascular Health Awareness Program (CHAP) with the new goal of improving the cardiovascular health of seniors living in subsidized social housing in Ontario and in Quebec. Older adults living in social housing report poorer health status and have a higher burden of a multitude of chronic illnesses, such as cardiovascular disease (CVD) and diabetes, compared to seniors not living in subsidized housing [1] [2] [3] [4] .
CHAP is a community-based, patient-oriented, and interdisciplinary CVD prevention and management program. The CHAP model of community-based cardiovascular risk assessment and peer education was successfully implemented in pharmacies as a pragmatic clustered randomized controlled trial (RCT) [5] and has been shown to reduce CVD-related hospitalizations without additional costs to the healthcare system [5, 6] . A Canadian Institutes of Health Research (CIHR) team grant funded multiple pilot studies, adapting the CHAP model to other contexts, including interdisciplinary primary care clinics, places of worship, and community centers. The proposed intervention is based on the collective knowledge and best practices gained from all of these studies.
CHAP has mainly been conducted in community pharmacies, but it has been the subject of pilot projects, proof of concept studies, and RCTs in other settings as well [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Our current work revolves around building on the success of CHAP across Canada. The goal is to identify optimal conditions for scaling up and leveraging resources within communities to enable CHAP to become an ongoing initiative available to all Canadians to significantly improve community and population-based prevention and management of CVD. Although CHAP has been the subject of several studies in community pharmacies, strong clinical and policy recommendations are inevitably based on results of several high-quality RCTs conducted in different settings and populations that cumulatively have shown the benefit of the intervention in question. Therefore, a trial is needed now, to assess whether similar results can be replicated in a different context that targets a different population using a modified intervention. Based upon the promising findings from an existing community health program in subsidized housing involving specially trained paramedics, it is apparent that the CHAP model using volunteers could potentially be successful in this context [20, 21] . A fullscale RCT of the intervention is warranted. This project focuses on a more vulnerable segment of the older adult population, those living in social housing [21] , compared to the typical participants in our pharmacy-based trial.
This adaptation of the CHAP program will include, for the first time, group-based educational sessions aimed at increasing cardiovascular health awareness to promote healthy habits and self-management among residents. Also, this project will assess the impact of less intense, but regular, year-round screening and monitoring sessions, which may be easier to integrate within social housing and to sustain over time.
Methods/design

Study aims
This study aims to determine whether there is a relative reduction in the composite outcome of unplanned CVDrelated Emergency Department (ED) or hospital admission among residents of subsidized seniors' housing buildings receiving the CHAP program for 1 year compared to residents in matched buildings not receiving the program.
In addition, it aims to determine: be the primary unit of analysis. It will be an open cohort study with repeated cross-sectional assessments comparing the outcomes of intervention and control buildings during the pre-intervention and 1-year post-intervention periods. See Fig. 1 for the study flowchart and Fig. 2 for the SPIRIT study schedule. The trial will take place in the provinces of Ontario and Quebec, in two selected regions. Pairs (interventioncontrol) of subsidized seniors' housing buildings will be selected from each province with input from local social housing provider/organization partners.
Inclusion and exclusion criteria
Designated seniors' buildings with 50-200 apartment units and a majority of residents aged 55 years or older will be included in the study. The buildings will have a unique postal code to be included in the sample. There are no exclusion criteria. All residents living in the building during the pre-intervention and post-intervention periods will be taken as samples for intervention and control buildings.
Recruitment process
Recruitment of buildings will be through regions or localities in each province that have similar characteristics. Social housing organizations will be contacted and introduced to the CHAP program. Leading up to the trial implementation, presentations to managers and chief executive officers of housing organizations will be made. Previous work by the McMaster Community Paramedicine (MCP) research team has shown that it has been possible to recruit multiple social housing buildings in five separate localities across Ontario for participation in an RCT [22] ; a total of 32 seniors' housing buildings with an average of 126 apartment units each were recruited. We anticipate that we will be able to recruit the necessary number of buildings from each province (100% recruitment rate). Residents, volunteers, and housing staff of intervention buildings in each province will be recruited for four focus groups via posters and advertisements following the last CHAP session.
Sample size
For the main outcome (ED visits and hospitalization) we computed the sample size based on the number of ambulatory care-sensitive ED visits from Canadian Institute for Health Information (CIHI) data [23] . The estimated mean number of ED visits for an individual is 0.39 (standard deviation [SD] = 0.12). We assumed that the intervention will lead to 9% difference in the mean number of ED visits by residents of intervention buildings compared to control building residents. This was based on the effect CHAP had on the hospitalization rates in the community cluster RCT [5] . We also assumed an intraclass correlation coefficient (ICC) of 0.07 for our design effect based on data analyzed from previous studies [21, 24] . Using a power of 0.8 and an alpha of 0.05, we will need a total of 1118 subsidized housing residents for each arm of the study. This is the population of approximately 12 subsidized housing buildings. We will therefore require a minimum of 12 pairs (interventioncontrol) of buildings; 6 pairs will be in Ontario and 6 will be in Quebec. This number is feasible based on our pre-implementation discussions with the housing providers in both provinces.
Allocation of intervention
Buildings will be organized into comparable pairs based on geographic, resource, and demographic characteristics. Each building pair will be allocated to receive or not receive the intervention (1:1 ratio) via computergenerated paired randomization by a statistician not affiliated with the project.
Assessment measures Primary and secondary outcome measures
For the composite primary outcome, we will compare the healthcare utilization of intervention and control buildings as measured by: Questionnaire score measured using the baseline to 1year post intervention.
Process evaluation measures
Process evaluation measures will include resident participation rates (number of participants attending CHAP sessions, number of participants attending education sessions, including initial attendance and repeat visits), information on volunteers (number trained, number of sessions volunteered), program delivery (e.g., completion of risk assessments), and other program evaluation measures (e.g., detection rates for hypertension and diabetes, number of feedback reports sent to family doctors). Key informant interviews or focus groups will be conducted post intervention with the CHAP volunteers, housing authorities, participants, and non-participants regarding strengths, weaknesses, and opportunities to improve and sustain the program.
Intervention
The CHAP sessions will be voluntary drop-in clinics conducted by trained volunteers following pre-specified protocols and supervised by a research nurse to ensure intervention fidelity. Volunteers will be trained in person by CHAP research staff on research processes (privacy/ confidentiality, obtaining informed consent), participant assessment, data collection, and use of algorithms to refer participants to the health nurse (see Additional files 2 and 3). The sessions will be delivered in a common space within each intervention building. Sessions will include:
BP readings using a validated automated BP machine during each monthly CHAP session The validated CANRISK diabetes risk questionnaire [25] , which measures cardiometabolic risk factors such as BMI, waist circumference, diabetes history, smoking, diet, physical activity, and smoking Healthy lifestyle and preventive care materials (e.g., pamphlets) Invitation to participate in group health education following each monthly CHAP session. The health education sessions will include common healthrelated topics and will be delivered by local expert community organizations. The health education is not a standardized program (pragmatic), and it is expected that there will be heterogeneity between communities and buildings Upon participant's consent, blood pressure, BMI, waist circumference and CANRISK score sent to family doctor.
All tenants in intervention buildings will be invited to participate in CHAP sessions and subsequent education sessions using multiple recruitment strategies, including posters in common areas. Participation is voluntary, and all participants will provide written informed consent for their individual-level data to be collected (see Additional file 4).
The control buildings will receive usual care, which will be any wellness programs if already present in the building prior to the RCT. Not all control buildings will have wellness programs.
Data collection
Data during the CHAP intervention session will be collected either on paper or through an electronic form. All data collected will be protected and kept confidential. Paper forms will be kept in locked cabinets in the research office. All data in the electronic platform will be kept in encrypted and firewall-protected servers only accessible to the research team, volunteers, and nurses implementing the program. All data analysis of collected data will be anonymized.
The primary outcomes will be assessed using deidentified administrative datasets in Ontario and Quebec. We will use building-level data for each of these outcomes, at monthly intervals for 1 year prior to and for the 1-year duration of the program.
Quality of life data will be collected using the EQ-5D-5 L, administered by a research assistant or volunteer to all residents of intervention buildings who attend a CHAP session. This will be done at two time points, when the participants attend their first CHAP session and then at the final CHAP session. Cost-effectiveness will be calculated by collection of program cost data and health outcomes. Health experiences and perceptions of participants will be collected at the end of the study by a trained research assistant using four qualitative focus groups of intervention residents, including two in Ontario and two in Quebec.
Data analysis plan Quantitative data
We will analyze data with the building or cluster as the primary unit of analysis, rather than the individual. The reason is that it is not possible to acquire individuallevel consent from the control building residents to obtain their health administrative data. It is possible to get this information in aggregate form for each building.
The analysis and reporting of the trial will follow the Consolidated Standards of Reporting Trials (CONSORT) extension to cluster trials [26] . The analysis of the baseline characteristics will be based on descriptive statistics reported as count (percent) for categorical variables and mean (SD) or median (first quartile, third quartile) for continuous variables. The analysis of primary and secondary outcomes will follow the intention-to-treat principle. For the primary building-level outcome measure we will analyze the data using analysis of covariance (ANCOVA), adjusting for pairing (fixed-effect) and baseline rate (covariate) in the model. For the secondary individual-level data (quality of life, QALY), we will use the intention-to-treat principle analysis and analyze the data using generalized estimating equations (GEEs) assuming an exchangeable correlation structure to adjust for clustering within a building [27] . Multiple imputation (iterative Markov chain Monte Carlo method) with five imputations will be used if more than 5% of the participant outcome data is missing in the follow-up survey [28] . All analyses will be performed using STATA 11.2.
Since CHAP is a health promotion program that can be integrated into the health system and is expected to impact health system utilization, we will conduct a cost-effectiveness analysis. This analysis will be conducted at a building level and will therefore be based on administrative data and program costs. Therefore, the sample size will be the same as that for the main outcome.
Qualitative data
We will use a grounded theory approach. We will start with open coding followed by axial coding and theory generation to explain the process experience by participants as they attend the CHAP intervention.
Other analyses
We will conduct a quarterly process analysis in order to maintain trial fidelity (described earlier under Process evaluation measures). The main analyses will take place at the end of the trial. A subgroup analysis by gender is planned based on the data that we have available. Regression analysis will be used to determine if gender is a factor affecting our main outcomes.
Control of bias and loss to follow-up
This will be an open trial with no blinding or masking. Due to the nature of the health intervention (health sessions in intervention buildings), it will not be possible to blind participants as to whether they are receiving the intervention or not. However, since randomization is at the building level and the primary outcome (ED visit rates and hospital admission rates) is at a cluster level and collected from administrative data sources, the study will be less prone to social desirability bias. No consent for the primary outcome will be collected from the intervention and control building residents since it will be based on de-identified administrative data. Consent will only be collected from building residents who attend the CHAP sessions for their participation in the CHAP sessions.
Since the primary outcome is being analyzed at the building level, we anticipate no loss to follow-up for healthcare utilization data. We will retrospectively assess residents who lived in the intervention and control buildings at the pre-and post-intervention periods. There may be movement of residents in and out of the buildings; however, this will likely happen in both intervention and control buildings. This is expected to be balanced between the intervention and control arms. For the secondary outcome measures that require collection of data directly from residents, loss to follow-up is anticipated to be 40% [24] . A previous study conducted in this subsidized housing population found that there was a higher rate of deaths, relocations, and inability to contact in this population compared to the general population [21, 24] . However, we assume that losses to follow-up will be similar between the intervention and control groups.
Ethical approval
Ethical approval has been obtained from the Hamilton Integrated Research Ethics Board (Project number 5051) and the University of Montreal Hospital Centre (CHUM) Ethics Board (Project number 18.120). Any future modifications to the protocol will be submitted to the respective ethics boards for review through the amendment process. The study is a minimal-risk pragmatic trial; therefore, no data monitoring committee is required.
Discussion
The intervention we are studying in this trial is an adaptation of the intervention studied in the original pharmacy-based CHAP [5] . Older adults in subsidized housing are a hard-to-reach population with poorer health compared to the general population. This population also has a high prevalence of mobility issues [1] ; therefore, conducting CHAP sessions in the common spaces within each building may help overcome this barrier and improve access to cardiometabolic risk assessment and health education. Therefore, it is expected that by providing CHAP in this setting, there will be a similar or greater impact on healthcare utilization and health outcomes, compared to the original CHAP trial in pharmacies [5] .
The core elements of CHAP fit well with this population and context. There is minimal equipment or training required, the sessions can be run by volunteers with oversight from a nurse, and they can be held within the common area of each residential building. CHAP also "closes the loop" by encouraging attendees to connect with their family doctor and share their assessment results.
Since this population is naturally clustered within the subsidized housing buildings, implementing a cluster RCT was a natural fit for the study. This new setting also allowed for the addition of pragmatic education sessions; we acknowledge that there will be heterogeneity and it will be difficult to replicate this component. The results of this study will provide evidence on the impact of CHAP in this setting. Decreasing healthcare utilization for CVD-related causes will have an impact on health system and associated costs. These findings will inform the expansion of CHAP throughout each province and across Canada.
Adapting and evaluating the effectiveness of CHAP in social housing will enable it to have a substantial positive impact.. We anticipate improved collaboration between housing authorities, the regional public health, family physicians, community organizations, and training of a new cohort of health educators. Trial results will be disseminated through academic publications and presentations to stakeholders.
These types of changes are called for by major Canadian and American initiatives such as the CIHR's Strategy for Patient-Oriented Research (SPOR) or the Patient-Centered Outcomes Research Institute (PCORI) in the USA. CHAP has the potential to enhance access and increase capacity of the healthcare system, promote greater coordination of care and integration with community resources, improve quality of care, promote greater involvement of patients in self-care, and, ultimately, reduce morbidity and mortality associated with CVD.
